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The crystalline toxin, cobrotoxin, haw-been obtained from
Formosan cobra venom and was proved to be the main toxic protein
in the venom. The Wws*bt study was initiated to investigate
the properties of the 413; labeled cobrotoxin and its distribu-
tion together with oxeretion after injection into rabbits.

1. Iodination of cobrotoxin vr.th.

Cobrotoxin was labeled rutth 1131 according to the method
of ]ugli with slight modification as follows: 6.6 mg of the
toxin in 1 ml of 1 M glycine buffer (pH 9.0) wasanjected into
the labeling solution, propored by adding 1 mc 1l-l to a
maximum of 0.38 to 0.12 ml of the standard iodine monochloride
solution. After 10 minutes, the free iodine was removed by
passing through a Sephadox G-25 column (1 x 20 cm), and the
effluent was collected every 1.5 ml. Radioactivity was counted
with a woll-type scintillation counter and protein was deter-
mined by the biuret method.

Under the conditions described, about 80 % iodine was
incorporated into cobrotoxin. By chromatographic detection
of free iodine, using Whatman No.1 filter paper and mothanols
the Rf values of cobrotoxin and iodine were 0 and 0.j-0.6
respectively. The labeled cobrotoxin preparation was found
to contain less than 1 % free iodine.

As shown In Fig. 1, the exhausted iodination of cobrotoxin
with increasing amounts of ICI resulted in a maximum incorpora-
tion of 4 moles iodine per mole cobrotoxin. It has been
reported that in lodination of some proteins, such as L3aotogenio
hormone, zein end insulin, only tyrosine is iodinated. However,
histidine can also be iodinated by the method.

Therefore, the possibility of iodination of amino acids
other than tyrosine in cobrotoxin was studied. The labeled
cobrotoxin, which had maximum iodination, i.e. 4 moles iodine
per molecule toxin, was hydrolyzed with alkali in a sealed tube
in the presence of tyrosine, monoiodotyrosine and dilodotyrosine.
After 20 hours hydrolysis at 1001C, paper chromatography and
subsequent autoradiography were performed. The major spot on
the autoradiogren was identified as diiodotyrosine, and two
minor spots as monoliodotyrocinc and free iodine. However, not
even the trace of iodinated histidine was found. It Is likely
that the small amounts of the monoiodotyrosine and free Iodine
are given rise from the decomposition of diiodotyrosine, which
resulted from the exhausted iodination of the cobrotoxin.
TYrosine residues in cobrotoxin were, therefore, estimated to
be 2 moleg per molecular weight of 6,800.

As shown in Fig. 2, the UV absorption curve of the labeled
cobrotoxin was as ihanged as that of iodinatod serum albumin.
However, the lethality and antigenicity of the cobrotoxin
remained unchanged even after exhausted iodination, suggesting
that tyrosine was not involved in the active sites of the
toxicity and antigenicity,
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2. X=Lcretion of 1131 labeled cobrogtoxin In rabbit urine

Male rabbits weighting from 2 to 2.5 kg were given 50 al.of normal saline solution by stomach tube and Injected intra-
venously with 25 pg of the labeled cobrotoxin. Zvery 2 ml of
urine was collected by catheterization and radioactivity of
each fraction was counted. As shown in Fig. 3, about 70 %
of the radioactivity was excreted in the urine within 5 hours.
But Lodinated serum albumin was excreted in amounts less than
10 % under the same condition.

The urine of the fraction No' 3, collected 20 minutes after
injection, and of fraction No. 20, collected 4 hours after
Injection, were passed through n sephadex G-25 column. An
shown in Fig. 4, the majority of the radioactivity in fraction
No. 3 wan in large molecule, while in the urine collected in
fraction No. 20, the radioactivity appeared In two peaks of
equal size, one large, the other a small molecule.

"'-~ In order to investigate the properties of the radioactive
compounds excreted in the urine, the follouing experiments were
done, 0.01 al of urine specimens collected 2 and 4 hours
after injection were applied on 1hataan No. 1 filter paper.
After chromatography, the radioactive compounds were separated
into two spots, one at the starting point as the labeled cobro-
toxin; the other located as free Iodine. In another :peri-
medt, 0.o el ob udne collected between c, and 20 Thinutes after

s aectionst i al ta t ofobrotoxn were injected tnto two
(nicen The prce were aee died within two hours, whole the
Injection of the same amount of urine collected before inted-
twon of the toxin dbd not ksll tice. After electrophorefis
of the rg me urine for lt hours, the ra bsoactive substance
showed one band, sin ghtle toeard the cathode. This position
was almost identical to that of the labeled hobrotoxin.

In the present experrnent only a sfalle amount of the toxwn
u(25 rig) was incected. The reason why the toxin was excreted

seo rapidly in urine is obscure at the present time. However,
two reasons might be suggested. the toxin might freely pass
throur h the gloferela b filter without reabsorption from theS~tubutle lumen, since the molecular weight is smalls or, the

toxin it se me toxic action in d the kndo y and effect
c et excretion.

oxIn order to know whether cobrotoxin has ae too n efnctiSon the renal function# rad:Lioodinated serutm albumin was

f Injected into rabbits with and without non-labeled cobrotoxn
3and urine was collected. The excretion of radiolodnatedS~serum albumin in urine within .5 hours after Injection wans 3-6

S~obrotoxin does not affect the excretionsigAntifiantly (Figs )
Analysis of creatinine, uric acid, sugar and total nitrogen In

urine show no difference before and after Injection of cobro-
tosin. It seems that cobrotoxin doees not affect th renal
function In our experimental condition* Theref~sts It Is
concluded that rapid excretion of the injected IA• labeled
oobrotoxin Is not likely due to the change Of Venal flnAtUOU
by oobrotoxin.,
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3. pietribution of 1131 labeled cobrotodn nL a #d

Male rabbits weighing from 2.0 to 2.5 kg were immunized
by injecting increasing doses of cobrotoxin with Freund's
co.'plete adjuvant. Six to 360 )Lg per kg body weight were
injt.eted subcutaneously into the footpads at 6-day intervals
during a period of two months. six to 15 as after the last
shot, the immunized rabbits were injected I"T'-labeled cobra-
toxin (500-750 )1g) intravenously.

The scanograms of the whole immunized rabbits after injec-
tion of the labeled toxin (500 )g) were shown in Fig. 6.
Radioactivity was first revealed in the region of the cheat
(Fig. 6a), 3 hours after injection, then gradually shifted in
the abdominal region (Fig. 6b, e, d). On the contrary, in
the non-immunized rabbit, the radioactivity was localized in
the bladder 2 hours after injection of 40 yg of the labeled
toxin. (Fir 7).

Five hours after injection, a rabbit was sacrified and the
radioactivity in each organ was measured. As seen from Table
!, 66 % of the injected radioactivity Vq demonstrated in the
liver, while, spleen has the Jghest I -count per gm tissue
basis. It is obvious that I content in liver was observed
on the chest region in the scanogram whereas 1131 content in
Kidney and bladder was observed in the abdominal region. As
shown in Table II, most of the radioactivity were found in the
soluble fraction after cell fractionation. Small amounts
found in microsomes, nucleus, and mitochondrial fractions may
be due to the contamination of soluble fraction during
fractionation.

The scanogram of rabbit 24 hours after injection (Fig.
6-d), showed radioactivity in the neck region, which demonstra-
ted that deioettion took place in the immunized rabbit after
injection of I± olabeled cobrotoxin.

The excretion of radioactive substances after injection
of I131-labeled toxin was much slower in the immunized rabbits
than in non-immunized rabbit. In non-immunized rabbit,
approximately 70 % of the injected radioactivity was excreted
in the urine within 5 hours, whilo in the immunized rabbit, ont•
5-7 % of the injected radioactivity was excreted in 4 hours, and
60-70 % of the radioactivity was e::creted within 4 days (Fig. 8).

11 3 1-labeled serum protein have been used in the study of
the fate of protein after injection into the immunized and non-
immunized rabbits. It was demonstrated that the only trace
amount of the labeled proteln remained in blood for several
hours after iDj~ction into the non-immunized rabbits, but the
most of the I -labeled serum protein was removed from the
blood soon after the injection to the -'.munized rabbits. It
is interpreted that I13l labeled coru-. protoin-antibody complex,
which formed in the immunized animal -:' phngocited by the
live.- or spleen cells. PhaGocytornin of raaioiod1natod serum

W4
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albumin-antibody complex was also found in mouse peritoneal
cell. Apparelt prolonged retention of the radioactivity after
injection of I 3 1 -labeled cobrotoxin in the immunized rabbits
than in non-immunized rabbit was demonstrated in this experiment.

CONCLUSION

The exhausted iodination of cobrotoxin, the crystal file
toxic protein obtained from Formosan. cobra venom, with I"-
resulted in the maximum incorporation of 4 moles iodine per
mole toxin without changing its lethality or antigenicity.
After intravenous injection of a sublethal dose of the labeled
cobrotoxin into a rabbit, about 70 % of the radioactivity was
excreted in urine within 5 hours. Most of the radioactivity
excreted in the urine after 20 minutes injection was shown to
be in the intact cobrotoxin fraction by gel filtration, paper
electrophoresis and the toxicity test. In the urine collected
4 hours after injection, half of the radioactivity appeared in
the free iodine fraction.

The scanogram of rabbits in both conditions, immunized and
non-immunized, showed marked different pattern in distribution
of radioactivity. In the immunized rabbit the radioactivity
was first shown in the region of the chest then gradually
shifted in the abdominal region. Si:rt--six per cent of the
injected radioactivity was demonstrated in the liver of the
immunized rabbit, sacrified 5 hours after injection of the
labeled toxin. And most of the radioactivity was found in the
soluble portion after cell fractionation. In the non-immunized
rabbit the radioactivity was localized in the bladder 2 hours
after injectio 1 The excretion of the radioactivity after
injection of It -cobrotoxin was much slower in the immunized
rabbit than in the non-immunized rabbit.
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5"

5i



Amino acid composition of cobrotoxin has been determined by
the use of Technicon amino acid Autoanalyzer. As seen from
Table III, cobrotoxin is composed of 15 kind of the common amino
acids and is devoid of alanine, methionine and phenylalanine.
Although a molecular weight of 11,000 was determined formerly
by the method of Archibald for cobrotoxin, the minimal molecular
weight calculated from amino acid analysis (61 residues of amino
acids) is close to 6,800. It is inoteworthy that with the
exception of crotamin (Table MII, last column) all the neurotoxlins
obtained from snake venoins cotat.n 4 disulfide bridges and possess
almost the same number of amino acids in the molecule.

The N-terminal amino acid was dotermined to be leucine by
DNP- and PTC-methods. The C-terminal amino acid was identified
as asparagine by the selective tritium-labelling procedure of
Matsuo et al. and carboxypeptidase digestion.

The work on the amino acid sequence determination is in
progress. The reduced and S-carboxymethylated toxin was digested
with trypsin DCC (Diphenyl carbamyl chloride) or chymotrypsin in
0.1 N NH4i1 O3, at pH 8.5. After 6 hours the reaction was stopped
by freezing. The freeze-dried material was dissolved in a
starting buffer solution and was loaded on a column (1.5 x 27 cm)
of Dowex 50 X2. The column was developed with the buffer
linearly increasing the pH and the ionic strength from 0.1 M
pyridine-formate of pH 3.1 to 2.5 M pyridine-acetate of pH 5 by
the aid of an Autograd consisting of 9 chambers. The flow rate
was adjusted to 70 ml per hour and the appropriate tubes under
the chromatographic peaks were pooled and lyophilized (Fig. 9).

Homogeneity of the peptide fractions obtained by column
chromatography was examined by both paper chromatography and
paper electrophoresis (Fig. 10). The heterogeneous fractions
were further purified with 2 % pyridino acetate buffer at pH 5.4
by high voltage paper electrophoresis. The peptides finally
obtained in homogeneous state were used for structure studies.
Amino acid composition was determined on the Technicon amino
acid Autoanalyzer, and the amino acid sequence of the peptides
are being determined by the degradation procedure of Edman.

The positions of disulphido bridges in cobrotoxin are also
being determined by a diagonal papor-electrophoretic technique.
The crystalline toxin is digested w-ith pepsin in 5 % formic acid.
Cystine peptides are separated by paper electrophoresis and
oxidized on paper by perforeic acid vapour. Electrophoresis at
right angles to the first directioa produces parallel groups of
cysteic acid peptides lying off a diagonal. The fingerprint
reveals the way in which the cysteic acid peptides were originally
joined in the protein. The purified cysteic acid peptides are
eluted for composition and sequence analysis.

We are in hope that the complete sequence of amino acid as
well as the positions of disulphide bridges in cobrotoxin will be
established during next year.
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p HOLE OF IC IY REACTION MIXTURES

* ~ I Ex.1.~ hausted iodination of cobrotoxin with various amounts
of 101 solution.
Reaction wAs carried out at 25 T2' for 20 sin, In 1.5 al gins
buff or (pH 9), containing o.2 pa mole of cobrotoxin, 1 pao IL aznd
viarious amounts of XC1 solution.* One al aliquot was then passed

tuwvgWra Bephadex G 25 column (l.1 x 20) and elated with water,
Ivory 1.3 ml of the eff luent wao'collected by gravity. About
92 to 95 per cent of protein was obtained in fractions Nos. 5-8.
Percentage of incorporation was estimated by comparing the radio.-
activity before and after passiing tbarough the column.
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Fig. 2. Ultra-violet absorption curve of iodinated cobrotoxin
and cqbroto•.n plotted with a Beckman DK-2 spectrophotometer.
(a) Iodinated cobrotoxin, 4 moleo iodine/mole tozin.
(b) lodinated cobrbtoxin, 2 mole iodine/mole toxin.
(c) Unlabeled cobrotoxin.

8



80 80

0 ° M
0 20 2

01 2 3• 4 .

TINE (HOURS)

"-. • 3. Excretion of Radioactivity in urine after injection
of Ij~ labeled cobrotoxin.
Urine was collected from male rabbit by catheterization imme-
diately after injection of 25 jp toxin with 5 pc radioactivity.

s radioactivity excreted.
------- ml of urine excreted.
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Fig. 4. Sephadex 0 25 column chromatography of urine.
1 Al Of the UrLne was applied to a Sephadex G 25 column (1.1 x
20 on) and then eluted with water.

I ueine of traction No. 3.
---------- : urine of friction No. 20.
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Fig. 7. Sc anogram of non-Jaunlnized rabbixt after"injection of labeled cobrotoxin..
40 jau of labeled cobrotomin was injected into 2.5 kg
of rabbit and ecanogran was taken after 2 hours.
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PLC, 8o cretion of radlof g3vlty in urine of immunized
rabbits after injeotion of IT'31aboled cobrotoxin.
(a) Immumnzed rabbLt (2 kg), inj*ected with 5W0 ps of 1131

labeled cobrotoxin.
(b) Tavin4ized rabbit (2.2 k9), injocted with 700 )1 of 1131

labeled cobrotoxin.
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Fig. 9. Chzomatosraphic fractionation of the peptiLde obtained by the tryptic
hY4rolyzsis of CM-cobrotoxin.

The peptides from 120 mg of the protein were loaded on a column (1.5 x 27 as)
Of Dower. 50 x 2 (200-400 mesh), which wav equilibrated with 0.1 K pyridine-
formate buffer, pH 3.25. The column was developed with the burffer linearly
increasing the PR and the ionic strenoth from 0.1 X pyridine-formate of pH
.3.1 to 2.5 M pyridine-acetate of pH 5 by the aid of an Lutograd consisting of
9. ohambera. The flow rate was adjusted to 70 ml per hour and the effluent
was collected in 5.5 ml fractions. Aliquots from each tube were analyzed by
the ninhyd-in method.
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Fig. 10. Paper electrophoregram of poptide fractions obtained by the eol=n
ohromatokraphy (Fie. 9).

The electrophoresis was carried out at 2500 volts per .36 in. length of pqew
for 60 minutes with pyridine-acotic acid-water (7:21490, v/v) of PR 54I• a*
the electrolyte.
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Table I

DLstribution of radioactivity in various ogfans of an

jrunized rabbits after intravenaun injection of

1131 labeled cobrotoxin

wet weiwht M/orem% CM/9 % Radloactievit

Orgad (ge) dis ti on

Bpleen 1.2 8.2 x 304 6.8 x 104 2.1
Liver 48 2.6 x 106 6.1 x 104 66.6

&adderi 47. 1.6 *: 105 7.5 y 103 9'.3

Kidne~o* 1- 9.3 x 1o4 6.2 x 0 2,4
Heart 5 1.3 x zo 4 2.6%0 0.33
Luph node 2 6.2 x103 3.1x 103 0o.5

Total. 80.88

Snc'ILud urine

SinclUding blood

.17
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Table II

Distribution of rad-Inactwivity in subeelu'lar fraoti~ons
of liver and aploon of an imisunizod rabbit~ after, intrx-aveno~s

injectiOn Of 720 p~Of 131' 1.baled cobroto.-in

subcellular % Distribut.inn of radiaa~tivity
fraction sle

Supernatant 73 61

Microsome 13 12

Mitochon4a. 8 J 1

mucolaus £ 9

18



Table III

Amino acid composition of the neurotoxins isolated from snake venoms

Naja Naja Laticauda Latico- hndroctonus Crotalus
na.Ia atra nigricollis semifasciata to xin a australis terrificus
(cobro- (toxins cK) (grab'utoxin) (nauroin-gin) (crotar,4n11

toxin) a b I I

Aspartic acid 7 7 5 4 9 9 83
ThreoniLne 7 8 5 5 4 a 3
Serine 4 2 7 7 5 6 2 3
Glutamic acid 7 6 8 8 7 4 2

Proline 3 5 4 4 5 6 3 1"
Glycine 7 5 5 5 5 6 7 5
!&laaine 1 3
Z:alf-cysttne 8 8 8 8 8 8 8 4
Vallne 2 2 2 2. 4 4
Methionine

Isoleucine a 3 4 4 23 11
Leucine 1 2 1 1 14 2 1

Tyrosine 211 1 3 7 1
Phenylalanine 2 2 1 1 1 2

L~ysine 3 6 4 4 4 6 5 11

..?istidine 2 2 1 2 2 1 2 3
Axrgdnlne 5 3 3 3 5 2 3 2-
T1-yptophan 1 1 1 1 1 1 1 3

Total 61 61 61 61 61 63 64 46

Hiii. mol. wt. 6785 6787 6760 6?80 6880 6822 7249 5450
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